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BIOCHEMICAL EFFECTS OF DIHYDROXYACETONE*
EVA WITTGENSTEIN AND G. M. GUEST, M.D.
These studies were undertaken in the course of
investigations regarding the metabolic and
chemical behavior of dihydroxyaeetone (DHA).
This substance attracted wide attention as an
artificial "suntanning" agent (1, 2). Some time
ago it was noted that small amounts of DHA
could be recovered from the bloodstream of
individuals following the application of DHA to
large areas of the skin. A few diabetic patients
showed an increase in blood sugar levels soon
after the skin was painted with DHA. Blood
sugar levels did not change and only insignificant
amounts of DHA were found in the blood of
three obese diabetic patients even though high
concentrations of DHA were used for painting
the skin. These findings stimulated the following
experiments which consisted of three phases.
EXPEJtTh4ENTAL
Method
1. Diffusion of DHA through normal rat skin
in vitro. Male albino rats, Wistar strain, weight
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250—300 gms, and fed with Purina rat chow, were
used throughout these experiments. After the
animal was sacrificed the hair over the midportion
of the abdomen was carefully removed and a
piece of skin of approximtely 6 em in diameter
was dissected from the subcutaneous tissue and
immediately inserted between the two parts of a
glass vessel (fig. 1). Here it was tightly locked into
position, thus forming a membrane. After testing
for possible leaks the compartments were filled
through sidearms. The compartment facing the
surface of the skin contained Ringer solution to
which DHA had been added while the compart-
ment on the opposite side was filled with Ringer
solution only. Control experiments were per-
formed with glucose instead of DHA. Merthiolate
in the ratio 1:10,000 was added to both sides in
order to prevent bacterial action. The whole
apparatus was then immersed into an Eberbaeh
waterbath shaker and was agitated at 37° C.
Samples were withdrawn every hour for four hours
from that compartment wiheh previously con-
tained only Ringer solution. The samples were
tested for DHA and glucose respectively.
2. Incubation of normal rat skin in the presence
of DHA, glucose and fructose.
The rats were prepared as in the first experi-
ment and the dissected skin was minced imme-
diately. Portions of 500 mg each were weighed
Fin. 1. Glass vessel used in diffusion experiments. The clamp holds the skin in position between the
two removable cups. Solutions are introduced and samples are removed through the sidearms.
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rapidly and homogenized in Ringer-phosphate
solution containing 100 mg/100 ml of the carbo-
hydrate to be tested. The mixtures were trans-
ferred into Erlenmeyer flasks, the volume ad-
TABLE I
Diffusion of dihydroxyacetone and glucose
through normal rat skin
.Experi-
meot
No.
Carbohydrate in Ringer
Solutioo
Mg/100 ni Recovered
after Time Indicated
w
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1
2
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250 mg/100 ml DHA
250 mg/100 ml DHA
SOgm/100m1DHA
25gm/lOOmlIDHA
250 mg/100 ml glucose
25 gm/100 ml glucose
25 gm/100 ml glucose
250 mg/100 ml glucose
0.29 0.35
0.08010
0.140.16
0.08020
0 0
0.07 0
0 0
O.l2O
0.42
0.10
0.19
0.23
0
0
0
0
0.50
0.14
0.20
0.30
0
0
0
0
z
justed with the Ringer-phosphate-carbohydrate
solution to contain 100 mg of skin per milliliter of
solution, and the flasks were placed into the
waterbath shaker. After equilibrating the mix-
tures with 95% Oxygen and 5% C02, the flasks
were closed and agitated at 370 C for certain
lengths of time. A control flask contained homog-
enized skin in Ringer-phosphate solution without
added carbohydrate. When the flasks were re-
moved from the waterbath the contents were
immediately centrifuged, aliquots of the super-
natant deproteinized, and carbohydrates and
lactic acid determined chemically. Paper chroma-
tography was used to determine: a) whether a
conversion of the DHA to glucose had taken place
during the incubation and b) whether changes in
amino acid patterns could be demonstrated.
3. Incubation of rat adipose tissue in the pres-
ence of DRA, glucose and fructose.
The rats were treated as described above except
that the abdominal cavity was exposed and the
mcscntcric fat tissue was carefully removed,
weighed immediately in 500 mg portions and in-
Fm. 2 Carbohydrate utilization and lactate formation in normal rat skin homogenates incubated
with different carbohydrates in the presence of phosphate ions. Each graph represents the mean value
of 5 experiments. Standard error of the mean is indicated by vertical lines. Values are expressed as
milligrams per 100 mgm of rat skin.
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Ninhydrin and aniline phthalate for amino acids
and sugars respectively.
RESULTS
FIG. 3. One-dimensional chromatogram from a
normal rat skin homogenate incubated for 16
hours in phosphate-Ringer solution containing
100 mg/lOU ml of carbohydrate (100 mg of skin
per 1 ml of solution).
cubated with the various carbohydrate Ringer-
phosphate solutions. Control experiments were
set up simultaneously and the completed reaction
mixtures analyzed for carbohydrates and lactic
acid. As in the above two experiments, merthio-
late was present in all reaction mixtures.
Glucose was determined by the Somogyi-
Nelson method, and spot checks were made with
the specific glucostat reagent (3).
DHA as well as fructose were determined by the
colorimetric modification of the Campbell phos-
phomolybdate method (4).
For the determination of lactates the method
by Barker and Summerson (5) was employed in
the micromodification by Chagnon, Jeandet and
Lestradet (6).
Butanol-acetic acid-water solvent was used for
one-dimensional paper chromatograms, and phe-
nol and lutidine for two-dimensional determina-
tions. The chromatograms were developed with
Table 1 presents the results in the diffusion
experiments. The data from the 8 individual
experiments indicate that small but probably
significant amounts of DHA penetrated through
the rat skin, that is, some DHA was demonstrated
on the side of the skin which originally contained
no added carbohydrate. Chemical determinations
of glucose with the specific glucose oxidase
showed that no demonstrable conversion of D11A
to glucose had taken place. There was no relation
between the amount of DRA recovered and the
concentration of the PITA solutions introduced
originally. In the control experiments when
glucose was used instead of PITA, small amounts
of glucose could be demonstrated in some in-
stances during the first hour.
In figure 2 are presented the results obtained
from the incubation of normal rat skin homog-
enates with PITA, glucose and fructose. In each
case an aliquot of the homogenate-carbohydrate
mixture was analyzed for lactic acid content
prior to the incubation. An increase in lactic
acid was present before the incubation as com-
pared to the control. In these samples as well
as in those incubated for 16 hours the formation
of lactic acid was slightly higher in the DHA-
and fructose-homogenate mixture than in the
mixture containing glucose. The utilization of
PITA and fructose was increased compared to
that of glucose. Chromatographic analysis (fig. 3)
showed that alaninc and glycine concentrations
were decreased in skin-PITA homogenates and
skin-fructose homogenates. There were slight
decreases in leucinc and valine in the PHA
skin mixtures. Samples incubated with glucose
showed a considerable increase in glutamic acid.
Alpha amino butyric acid and gamma amino
butyric acid were demonstated in the fructose-
skin incubation.
Figure 4 shows the results of incubation of rat
adipose tissue with the different carbohydrates.
In those samples incubated with glucose and
fructose lactic acid formation proceeded at a
rapid rate during the first hour while it became
less marked during the following incubation
period. Lactic acid could not be measured in
samples from PITA-fat incubation because of
interference from some unidentified substances
produced in the reaction. The utilization of PITA
was less marked than that of glucose and fructose.
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DISCUSSION
Skin is no longer Considered an organ with an
inert metabolism. It is now well established from
numerous investigations that considerable en-
zyme activity occurs in the skin. Carbohydrate
metabolism especially has been the subject of
studies for a number of years (7, 8). Skin, like
many other tissues is capable of forming lactic
acid in vitro (9, 10). Since the production of
lactic acid occurs at the expense of carbohydrate
it provides a very convenient source of informa-
tion on carbohydrate metabolism. Although in
vitro experiments are restricted in their signifi-
cance since they do not necessarily apply to the
conditions in the intact animal, certain conclu-
sions are still permissible. Warburg showed that
lactic acid formation in isolated tissue was
caused by the living cell and not by autolytic
postmortem changes (11). He found that lactic
acid was formed in considerable quantity in
cancer tissue which remained alive and trans-
plantable in Ringer solution for three days.
Adipose tissue has also attracted attention as a
factor in intermediary metabolism. It is well
known that fat tissue can synthesize glycogen
(12) and that it can oxidize glucose, pyruvate
and acetate (13, 14). A considerable portion of the
glucose which disappears during in vitro experi-
ments can be accounted for in the form of fatty
acids (15).
In the present experiment it was found that
DHA is utilized by isolated animal tissue like
other carbohydrates. DHA, a three carbon
keto-sugar exhibited properties very similar to
fructose to which it is chemically related. Figure
5 shows a diagram of the Meyerhof-Embden
pathway with the breakdown of glucose via
dihydroxyacetone phosphate. The conversion
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FIG. 4. Carbohydrate utilization and lactate formation in normal rat adipose tissue incubated with
different carbohydrates in the presence of phosphate ions. Each graph represents the mean value of 5
experiments. Standard error of the mean is indicated by vertical lines. Values are expressed in milli-
grams per 100 mgm of adipose tissue.
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FDG. 5. Diagram of the Meyerhof-Embden Pathway showing the conversion of glucose to
pyruvic acid via dihydroxyacetone phosphate and glyceraldehyde phosphate.
of DHA into glyceraldehyde under physiological
conditions proceeds at such a rapid rate that
it has not been demonstrated in the bloodstream
unless DHA was introduced into the body in large
amounts as is the case in DHA tolerance tests
(4). Even when doses as large as 1 gm per kgm
bodyweight were introduced the DHA disap-
peared from the circulating blood within 1 to
134 hours. Following oral test doses DHA was
rapidly absorbed by the intestine and was dem-
-onstrated in the blood within 10 minutes follow
ing ingestion.
The diffusion experiments did not show the
expected results. In most of the persons treated
externally with DHA the increase in blood DHA
was directly related to increasing concentrations
of DHA solutions applied to the skin. The in
vitro experiments using rat skin showed no
correlation between concentration of carbo-
hydrate introduced into the reaction and carbo-
hydrate recovered. However, the failure to
demonstrate considerably diffusion may reflect
the inadequacy of the method, or the different
behavior of animal skin as compared to human
skin, or the unphysiologic conditions of in vitro
experiments. In the control experiments, using
glucose instead of DHA, small amounts of
glucose could be demonstrated during the first
hour following incubation. The glucose either
penetrated the skin or was leached out from the
skin. Since no glucose was detected after several
hours of incubation this may imply that it was
metabolized. Metabolism may also account
for the low DHA recovery.
When adipose tissue was incubated with DHA
an unidentified metabolite accumulated in
sufficient concentration to interfere with the
determination of lactic acid. Pyruvic acid, malic
-J
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acid and ketoglutaric acid are known to interfere
(16).
No explanation is proposed at the present time
concerning the difference in amino acid patterns
of skin homogenates incubated with different
carbohydrates. Since merthiolate was added to
all reaction mixtures bacterial activity can prob-
ably be excluded.
These experiments suggest that further
investigation is needed to elucidate the effects
of DHA when introduced into the animal
organism in doses exceeding those present under
physiological conditions.
sUMMARY
1. Dihydroxyaeetone can be demonstrated in
blood streams of patients following external
application.
2. DHA crosses the skin membrane in isolated
rat skin.
3. Rat skin homogenates incubated with DHA
accumulate lactic acid. DHA seems to be
metabolized along normal pathways by skin
homogenates.
4. Glyeine and alanine are decreased in skin
homogenates incubated with DHA.
5. Rat adipose tissue incubated with DHA
accumulates an unidentified metabolite which
interferes with lactic acid determinations.
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DISCUSSION
DR. JOSEPH MCGTJIRE (New Haven): I didn't
understand the diffusion experiment. Is it possible
that the small amount of dihydroxyacetone you
find is being produced glycolytieally and is just
being leached out?
Ordinarily, you would expect it to go on to
3-phosphoglyceric acid, but perhaps since it is
being diluted out it would not.
Was there an experiment without any dihy-
droxyaeetone on the other side.
EVA WITTGEN5TEIN (in closing): Thank you
for your question. We have not done experi-
ments without any carbohydrate but in the
experiments where we used glucose instead of
dihydroxyaeetone, dihydroxyaeetone was not
demonstrable; we have used chromatography
which is the most sensitive way to identify the
different carbohydrates.
Therefore we assume that the DHA passed the
skin barrier.
